



































1. Perhitungan Desain Evaporator Vakum 
 
a. Desain Proses 
Diketahui : 
 
Volume tangki (Presto) = 8 dm3 
 
Diameter  = 24 cm = 2,4 dm 
Maka,        
V = 
 π  
D2 H 
 
4   
      
3  3,14 2  
8000 cm = 
  
(2,4 cm) . H 4 
 





















V cairan=6,4 dm3   
Jadi, tinggi tangki (H) sebesar 17,6929 cm dan volume cairan sebesar 
6,4 dm3. 
 
Tinggi cairan         
  V cairan   
HL =    π D2  
     4    




4     
         
6,4 dm3 = 3,14 x (2,4 dm)2 x HL 
 











= 1,41543 dm 
 
= 14,1543 cm = 5,5726 in = 0,4644 ft 
 
 
b. Desain Mekanikal 
 
Reaktor beroperasi pada tekanan di bawah atmosferis. 
Asumsi : 
m 8000 gr 
ρ= v = 8000 cm3 =1 gr /cm3=62,428 lb /ft3   








Ph = tekanan hidrostatis dalam reaktor, Psi 
 
ρ = massa jenis cairan dalam reaktor, lb/ft3 
h = tinggi level cairan dalam reaktor, ft 
g  = g = 32,179 ft /det2 =1 
 gc  32,1740 lbft /lb s2  
Ph = ρgh = 62,428 lb/ft3 x 1 x  0,4644 ft = 28,9916  lb/ft2 
     = 0,20133 Psi 
P diasumsikan   = 0,6 atm = 8,8176 Psi 
P operasi = Ph + P   
  = 0,20133 Psi + 8,8176 Psi 
  = 9,01893 Psi = 0,613701 atm 
 
 
Tekanan desain 5-10% di atas tekanan kerja absolut (Coulson, 1988:637) 
 
Desain Tekanan di set 10 % di atas tekanan operasi.(Walas, 1988:xviii) 
 
 
P desain = (110%)(9,01893 Psi) 
 










P . ri 






ts = Tebal shell 
 
P = Tekanan desain 
 
ri = jari-jari 
 
f = Allowable working 
stress E = joint efficiency 





Working Stress, (f) 
 
Joint Efficiency, (E) 
 
 









P . ri 
+C f . E−0,6 P 
 
 






















= Stainless Steel 
 




(Tabel 13.2, Brownell, 1959:254) 
 
= D/2 =8,35 in/2 = 4,175 in 
=0,106045 m 
= 0,125 in = 0,003175 m 






    
= 
m2 
   
+ 0,003175 m 
       
 KN    KN  








 m2 x  m2 
= 0,0032544 m =3,2544 mm = 0,12813 in   
maka outside diameter (OD) = Di + 2 ts   
     = 9,4488 in + (2 x 0,12813in) 
     = 9,70508 in = 24,6509 cm 










: Flanged and Standard Dished Head 
 
: Digunakan untuk tangki vertikal bertekanan 
 
rendah (< 1 atm), terutama untuk tangki 
 
penyimpanan horizontal, serta menyimpan fluida 
 


























Menentukan dimensi tutup atas dan bawah  
th= 
P .r c . W  
+C (Brownell and Young, 1959:91) 2 f . E−0,2 P 
Ketebalan = OD – ID  
  = 9,70508 – 9,4488  
  = 0,25626 in  
  = 6,5090 mm  
Sehingga diperoleh:  
r  = 12 in (jari-jari dish, in)  












    
W = 
    
 
   
4 
 
3     
   4     
W =1,75∈¿  = 0,04445 m    
maka,          




   
2 f . E−0,2 P    
9,9208 psi x 1,75∈  ¿ 
+ 0,125∈¿ (2 x 18750 x 0,8)−(0,2 x 9,9208)          
          th=¿   
th= 
    68,4015 KN /m2 x 0,04445 m  







Dipakai plat dengan tebal standar 1 3/8 in 
 























 =11,25∈¿  
4 4 
 
AC=√ BC2− AB2 
  
AC=√11,252 −1,94972   
AC =11,0798∈¿ 
 
b = r – AC = 12 in – 11,0798 in = 0,9202 in 
 










Tinggi Evaporator=Tinggi head +Tinggi shell 
 




¿ 32,3652 cm 
 
 





















Data pengadukan diperoleh dari Brown “Unit Operation” hal 507: 
 














 =8 cm  
3 3 
 








5 =1,6 cm 
 



















 =2 cm 
 
 
Jarak Pengaduk dengan Dasar (E) 
 
E 
=0,75−1,3 : dipilih 1 
Di   
 





2.  Perhitungan Penentuan Viskositas Sirup  
Diketahui :  
Beratp piknometer kosong = 37,4447 gr 
Berat piknometer + Air = 62,0073 gr 
ρ. Air = 0,997 gr/cm3 





ρ . Air  
¿ 62,0073 gr−37,4447 gr  
0,997 gr /cm3  
¿ 24,6365 cm3 
 
 
Temperatur Waktu Lama Bola Turun Berat Piknometer + Sirup 
(oC) (menit) (detik) (gr) 
 30 12,47 66,8615 
45 
60 13,47 67,1978 
90 15,40 66,9019  
 120 16,18 67,5925 
 30 12,84 67,0197 
50 
60 13,99 67,3125 
90 15,70 67,2516  
 120 19,84 67,1684 
 30 7,61 65,8585 
55 
60 10,87 66,3470 
90 19,28 67,1574  




- Viskositas Dinamik 
= k ( 1 –  2) t 
 





a. Sampel 1 (45oC, 30 Menit) 
61 
 
Diketahui :  1 = 8,1 g/cm3   
2 = 
(66,8615−37,4447) gr 
= 1,1940 g/cm3 24,6365 cm 3 
   
k = 0,09 mPa.s cm3/gr.s 
 
- Viskositas Dinamik 
= (0,09 mPa.s cm3/gr.s) (8,1 g/cm3 - 1,1940 g/cm3)( 12,47 s) = 
(0,09 mPa.s cm3/gr.s) ( 6,906 g/cm3)( 12,47 s)  
= 7,7506 mPa.s  
= 7,7506 cp. 
 
- Viskositas Kinematik 
v =7,7506 mPa . s 
1,1940 g/cm3 
v = 6,4913 mm2/s 
 
b. Sampel 2 (45oC, 60 Menit) 
Diketahui : 1 = 8,1 g/cm3 
2 = 
(67,1978−37,4447) gr 
= 1,2077 g/cm3 24,6365 cm 3 
   
k = 0,09 mPa.s cm3/gr.s 
 
- Viskositas Dinamik 
= (0,09 mPa.s cm3/gr.s) (8,1 g/cm3 - 1,2077 g/cm3)(13,47 
s) 
= (0,09 mPa.s cm3/gr.s) ( 6,8294 g/cm3)(13,47 s)  
= 8,3555 mPa.s  
= 8,3555 cp. 
 
- Viskositas Kinematik 
v =8, 3555 mPa . s 
1,2 077 g/cm3 
v = 6,9185 mm2/s 
 
c. Sampel 3 (45oC, 90 Menit) 
Diketahui : 1 = 8,1 g/cm3  
2 = 
(66,9019−37,4447) gr 
= 1,1957 g/cm3 24,6365 cm 3 
   
k = 0,09 mPa.s cm3/gr.s 
 
- Viskositas Dinamik 
= (0,09 mPa.s cm3/gr.s) (8,1 g/cm3 - 1,1957 g/cm3)(15,40 
s) 
= (0,09 mPa.s cm3/gr.s) ( 6,9043 g/cm3)( 15,40 s) 
= 9,5694 mPa.s  




- Viskositas Kinematik 
v =9,5694 mPa . s 
1,1957 g /cm3 




d. Sampel 4 (45oC, 120 Menit) 
Diketahui : 1 = 8,1 g/cm3  
2 = 
(67,5925−37,4447) gr 
= 1,2237 g/cm3 24,6365 cm 3 
   
k = 0,09 mPa.s cm3/gr.s 
 
- Viskositas Dinamik 
= (0,09 mPa.s cm3/gr.s) (8,1 g/cm3 - 1,2237 g/cm3)(16,18 
s) 
= (0,09 mPa.s cm3/gr.s) ( 6,8763 g/cm3)(16,18 s) 
= 10,0133 mPa.s  
= 10,0133 cp. 
 
- Viskositas Kinematik 
v =10,0133 mPa . s 
1,2 237 g/cm3 
v = 8,1828 mm2/s 
 
e. Sampel 5 (50oC, 30 Menit) 
Diketahui : 1 = 8,1 g/cm3  
2 = 
(67,0197−37,4447)gr 
= 1,20045 g/cm3 24,6365 cm 3 
   
k = 0,09 mPa.s cm3/gr.s 
 
- Viskositas Dinamik 
= (0,09 mPa.s cm3/gr.s) (8,1 g/cm3 - 1,20045 g/cm3)(12,84 
s) 
= (0,09 mPa.s cm3/gr.s) ( 6,84114 g/cm3)(12,84 s)  
= 7,9731 mPa.s  
= 7,9731 cp. 
 
- Viskositas Kinematik 
v = 7,9731 mPa . s 
1, 20045 g /cm3 
v = 6,6418 mm2/s 
 
f. Sampel 6 (50oC, 60 Menit) 
Diketahui : 1 = 8,1 g/cm3  
2 = 
(67,3125−37,4447) gr 
= 1,2123 g/cm3 24,6365 cm 3 




k = 0,09 mPa.s cm3/gr.s 
 
- Viskositas Dinamik 
= (0,09 mPa.s cm3/gr.s) (8,1 g/cm3 - 1,2123 g/cm3)(13,99 
s) 
= (0,09 mPa.s cm3/gr.s) ( 6,8877 g/cm3)(13,99 s)  
= 8,6723 mPa.s  
= 8,6723 cp. 
 
- Viskositas Kinematik 
v =8, 6723 mPa . s 
1,2 123 g/cm3 
v = 7,1536 mm2/s 
 
g. Sampel 7 (50oC, 90 Menit) 
Diketahui : 1 = 8,1 g/cm3  
2 = 
(67,2516−37,4447)gr 
= 1,2099 g/cm3 24,6365 cm 3 
   
k = 0,09 mPa.s cm3/gr.s 
 
- Viskositas Dinamik 
= (0,09 mPa.s cm3/gr.s) (8,1 g/cm3 - 1,2099 g/cm3)(15,70 
s) 
= (0,09 mPa.s cm3/gr.s) ( 6,8901 g/cm3)(15,70 s) 
= 9,7357 mPa.s  
= 9,7357 cp. 
 
- Viskositas Kinematik 
v =9,7357 mPa . s 
1,2099 g/cm3 
v = 8,0467 mm2/s 
 
h. Sampel 8 (50oC, 120 Menit) 
Diketahui : 1 = 8,1 g/cm3 
2 = 
(67,1684−37,4447)gr 
= 1,2065 g/cm3 24,6365 cm 3 
   
k = 0,09 mPa.s cm3/gr.s 
 
- Viskositas Dinamik 
= (0,09 mPa.s cm3/gr.s) (8,1 g/cm3 - 1,2065 g/cm3)(19,84 
s) 
= (0,09 mPa.s cm3/gr.s) ( 6,8935 g/cm3)( 19,84 s)  
= 12,3090 mPa.s  
= 12,3090 cp. 
 
- Viskositas Kinematik 
64 
 
v =12,3090 mPa . s 
1, 2065 g/cm3 
v = 10,2022 mm2/s 
 
i. Sampel 9 (55oC, 30 Menit) 
Diketahui : 1 = 8,1 g/cm3  
2 = 
(65,8585−37,4447) gr 
= 1,1533 g/cm3 24,6365 cm 3 
   
k = 0,09 mPa.s cm3/gr.s 
 
- Viskositas Dinamik 
= (0,09 mPa.s cm3/gr.s) (8,1 g/cm3 - 1,1533 g/cm3)(7,61 s) 
= (0,09 mPa.s cm3/gr.s) ( 6,9467 g/cm3)(7,61 s) = 
4,7578 mPa.s  
= 4,7578 cp. 
 
- Viskositas Kinematik 
v = 4,7578 mPa . s 
1,1533 g/cm3 
v = 4,1254 mm2/s 
 
j. Sampel 10 (55oC, 60 Menit) 
Diketahui : 1 = 8,1 g/cm3  
2 = 
(66,3470−37,4447) gr 
= 1,1731 g/cm3 24,6365 cm 3 
   
k = 0,09 mPa.s cm3/gr.s 
 
- Viskositas Dinamik 
= (0,09 mPa.s cm3/gr.s) (8,1 g/cm3 - 1,1731 g/cm3)(10,87 
s) 
= (0,09 mPa.s cm3/gr.s) ( 6,9269 g/cm3)(10,87 s)  
= 6,7766 mPa.s  
= 6,7766 cp. 
 
- Viskositas Kinematik 
v =6,7766 mPa . s 
1,1731 g/cm3 
v = 5,7767 mm2/s 
 
k. Sampel 11 (55oC, 90 Menit) 
Diketahui : 1 = 8,1 g/cm3  
2 = 
(67,1574−37,4447)gr 
= 1,2060 g/cm3 24,6365 cm 3 
   
k = 0,09 mPa.s cm3/gr.s 
 
 
- Viskositas Dinamik 
65 
 
= (0,09 mPa.s cm3/gr.s) (8,1 g/cm3 - 1,2060 g/cm3)(19,28 
s) 
= (0,09 mPa.s cm3/gr.s) ( 6,894 g/cm3)(19,28 s)  
= 11,9625 mPa.s  
= 11,9625 cp. 
 
- Viskositas Kinematik 
v =11,9625 mPa . s 
1,2 060 g /cm3 
v = 9,9192 mm2/s 
 
l. Sampel 12 (55oC, 120 Menit) 
Diketahui : 1 = 8,1 g/cm3  
2 = 
(67,7100−37,4447) gr 
= 1,2285 g/cm3 24,6365 cm 3 
   
k = 0,09 mPa.s cm3/gr.s 
 
- Viskositas Dinamik 
= (0,09 mPa.s cm3/gr.s) (8,1 g/cm3 - 1,2285 g/cm3)(22,87 
s) 
= (0,09 mPa.s cm3/gr.s) ( 6,8715 g/cm3)(22,87 s) 
= 14,1436 mPa.s  
= 14,1436 cp. 
 
- Viskositas Kinematik 
v =14,1436 mPa . s 
1,2285 g/cm3 
v = 11,5129 mm2/s 
 
 
3. Perhitungan Organoleptik  
a. Organoleptik terhadap 
Rasa Diketahui : 
Kode  Perlakuan  Jumlah 
Panelis A1 A2 A3 (∑Y) 
P1 3 3 4 10 
P2 4 4 3 11 
P3 4 3 3 10 
P4 4 3 3 10 
P5 4 3 3 10 
P6 4 3 1 8 
P7 4 3 4 11 
P8 4 3 4 11 
     
Kode  Perlakuan  Jumlah 




P9 2 2 3 7 
P10 4 4 4 12 
P11 3 3 3 9 
P12 3 3 3 9 
P13 2 3 3 8 
P14 4 3 3 10 
P15 4 3 3 10 
P16 2 2 3 7 
P17 3 3 2 8 
P18 3 3 2 8 
P19 3 4 2 9 
P20 3 4 2 9 
P21 3 4 4 11 
P22 3 3 2 8 
P23 4 4 4 12 
P24 3 3 3 9 
P25 4 4 2 10 
P26 2 2 3 7 
P27 4 3 3 10 
P28 3 4 3 10 
P29 3 2 3 8 
P30 3 3 2 8 
P31 3 3 3 9 
P32 3 3 4 10 
Total 100 105 94 229 
       
 A12 A22 A32 Jumlah   
    (∑Y^2)   
 9 9 16 34   
16 16 9 41   
9 16 9 34   
9 16 9 34   
9 16 9 34   
9 16 1 26   
9 16 16 41   
9 16 16 41   
4 4 9 17   
16 16 16 48   
9 9 9 27   
9 9 9 27   
       
 A12 A22 A32 Jumlah   
    (∑Y^2)   
 9 4 9 22   




9 16 9 34 
4 4 9 17 
9 9 4 22 
9 9 4 22 
16 9 4 29 
16 9 4 29 
16 9 16 41 
9 9 4 22 
16 16 16 48 
9 9 9 27 
16 16 4 36 
4 4 9 17 
9 16 9 34 
16 9 9 34 
4 9 9 22 
9 9 4 22 
9 9 9 27 
9 9 16 34 
324 359 294 977 
 
N = 96 
k = 3 n 
= 32 
 
Ditanya : FTabel ? 
Penyelesaian : 
 
dbK = k – 1 
 
= 3 – 1  
= 2 
 
dbG = N – k 
 
= 96 – 
3 =93 
 
dbT = N – 1  















JKK =¿  
¿(100322 + 105322 + 94322 )− 29996 2 
 
















JKG=JKT −JKK  




























FTabel = 3,09 (diperoleh dari Tabel F 0,05, halaman 54)  
FHitung < FTabel 
 
b. Organoleptik terhadap 
Aroma Diketahui : 
Kode  Perlakuan  Jumlah 
Panelis A1 A2 A3 (∑Y) 
P1 2 2 2 6 
P2 1 3 4 8 
     
Kode  Perlakuan  Jumlah 
Panelis A1 A2 A3 (∑Y) 
P3 2 2 2 6 
P4 1 1 1 3 
P5 2 1 2 5 
P6 1 1 1 3 
P7 2 2 4 8 
P8 3 2 4 9 
P9 1 1 2 4 
P10 2 2 2 6 
P11 2 2 2 6 
P12 1 2 1 4 
P13 2 2 3 7 
P14 2 1 1 4 
P15 3 2 3 8 
P16 1 2 2 5 
P17 1 1 1 3 
P18 1 1 1 3 
P19 1 1 1 3 
P20 1 2 3 6 
P21 2 2 1 5 
P22 1 2 1 4 
P23 3 3 3 9 
P24 1 1 3 5 
P25 2 2 3 7 
P26 1 3 1 5 
P27 2 1 2 5 
P28 1 2 3 6 




P30 2 1 1 4  
P31 2 2 3 7  
P32 1 2 4 7  
Total 52 57 70 179 
       
 A12 A22 A32 Jumlah   
    (∑Y^2)   
 4 4 4 12   
1 9 16 26   
4 4 4 12   
1 1 1 3   
4 1 4 9   
       
 A12 A22 A32 Jumlah   
    (∑Y^2)   
 1 1 1 3   
4 4 16 24   
9 4 16 29   
1 1 4 6   
4 4 4 12   
4 4 4 12   
1 4 1 6   
4 4 9 17   
4 1 1 6   
9 4 9 22   
1 4 4 9   
1 1 1 3   
1 1 1 3   
1 1 1 3   
1 4 9 14   
4 4 1 9   
1 4 1 6   
9 9 9 27   
1 1 9 11   
4 4 9 17   
1 9 1 11   
4 1 4 9   
1 4 9 14   
4 9 9 22   
4 1 1 6   
4 4 9 17   
1 4 16 21   
 79 83 139 301   
 




k = 3 
n = 32  
Ditanya : FTabel ? 
Penyelesaian : 
 
dbK = k – 1  
= 3 – 1  
= 2 
 
dbG = N – k 
 
= 96 – 
3 =93 
 
dbT = N – 1 
 













JKK =¿  
¿(52322 + 57322 + 70322 )−17996 2 
 









































0,4103   
¿−6,58 
 
FTabel = 3,09 (diperoleh dari Tabel F 0,05, halaman 54) 
 





c. Organoleptik terhadap 
Warna Diketahui : 
Kode  Perlakuan  Jumlah 
Panelis 
   
(∑Y) A1 A2 A3 
P1 1 2 3 6 
P2 1 3 1 5 
P3 2 3 2 7 
P4 2 2 2 6 
P5 3 2 3 8 
P6 3 2 2 7 
P7 3 3 3 9 
P8 3 3 3 9 
P9 2 3 2 7 
P10 3 3 3 9 
P11 2 2 2 6 
P12 2 2 1 5 
P13 3 2 3 8 
P14 2 2 1 5 
P15 4 3 3 10 
P16 1 2 2 5 
73 
 
P17 2 2 2 6 
P18 3 3 2 8 
P19 4 4 2 10 
P20 2 3 1 6 
P21 2 3 2 7 
P22 2 3 2 7 
P23 3 3 2 8 
P24 1 3 1 5 
P25 2 3 1 6 
P26 1 3 2 6 
P27 2 2 2 6 
P28 2 2 1 5 
P29 2 2 2 6 
P30 2 3 1 6 
P31 2 3 2 7 
P32 3 3 3 9 








A12 A22 A32 Jumlah 
   (∑Y^2) 
1 4 9 14 
1 9 1 11 
4 9 4 17 
4 4 4 12 
9 4 9 22 
9 4 4 17 
9 9 9 27 
9 9 9 27 
4 9 4 17 
9 9 9 27 
4 4 4 12 
4 4 1 9 
9 4 9 22 
4 4 1 9 
16 9 9 34 
1 4 4 9 
4 4 4 12 
9 9 4 22 




4 9 1 14 
4 9 4 17 
4 9 4 17 
9 9 4 22 
1 9 1 11 
4 9 1 14 
1 9 4 14 
4 4 4 12 
4 4 1 9 
4 4 4 12 
4 9 1 14 
4 9 4 17 
9 9 9 27 
182 230 144 556 
 
N = 96 
k = 3 n 
= 32 
 
Ditanya : FTabel ? 
Penyelesaian :  
dbK = k – 1  
= 3 – 1  
= 2  
dbG = N – k 
 
= 96 – 
3 =93 
 
dbT = N – 1 
 













JKK =¿  




















JKG=JKT −JKK  

























¿ 6,47  
FTabel = 3,09 (diperoleh dari Tabel F 0,05, halaman 54) 
 










































































































































































































Persiapan Pemasakan Sirup dengan Persiapan Sampel untuk 
 










































Sampel Sirup Temperatur 45oC 
 









































































































































Uji Organoleptik kepada 
 
Para Dosen, Staff dan Politeknik Negeri Sriwijaya 
  














 
